The CBA1 2-in-1 dipole magnet provides a complex system to test field calculation techniques. In particular the quadrupole term in one half of the mag net induced by the operation of the other half of the magnet is studied. A comparison with field measurement data is made for calculated magnetic field harmonics as a function of current for symmetric and asymmetric operations of the two sides of the magnets. The calculations are made using both differential equation solving programs (PE2D 2 POISSON3) and integration based programs (GFUN).4 These programs are compared to each other and to the measured data.
Introduction
Finite element field calculating programs can provide valuable information on the expected performance of an accelerator magnet. Three such programs using different solving techniques are available at Brookhaven National Laboratory. In this study we model a CBA 2-in-1 dipole using PE2D, POISSON and GFUN. In the CBA 2-in-I magnet the field from one dipole is returned through the dipole on the other side with opposite polarity (see Figure 1 ). The coupling of the fields from the two dipoles through the iron provides a significant test for these nonlinear iron finite element programs. This influence of one dipole field on the other (called cross talk) manifests itself most strongly in the quadrupole term of the field harmonic expansion. There are effects, however, in all harmonic terms. As this magnet has been constructed and tested, the calculations can be compared to experimental data. Since the flux is small outside the magnet this radius appears adequate. Tests were made by varying this boundary radius to verify this choice.
Because of the idiosyncrasies of the particular programs, certain small compromises have to be made.
The GFUN program cannot handle curved surfaces. Polygons of equal area are used to approximate circular holes. This applies both to the iron aperture and the holes in the iron used for helium flow and to reduce the effects of cross talk (see Figure 1 Table I gives the difference of the sextupole at low field from the peak value and the position of the peak for the three programs and the measured data. 
Results -The Asymetric Cases
The 2-in-1 magnet was tested with asymmetric loading of the current to gain insight on the effect of "cross talk". The two sides of the magnet were run with the following current ratios: 1.1:1, 1.5:1, 2.5:1. For each current ratio four current positions were measured. The actual field measurements were made on the low current side since one would expect the coupled field effects to be the largest there. Figures 3, 4 , and 5 show the results for each harmonic for the three current ratios listed above. In particular, Figure 5 shows the most asymmetric situation with the current ratio of 2.5:1. The differential equation programs, PE2D and POISSON, agree with each other and with the relatively sparse experimental data. GFUN does not describe the trends of the data very well. There are large discrepancies in the GFUN calculation of the higher harmonics b3 and b4, and to a lesser extent in bl, but b2 agrees well with measurement.
Conclusions
The CBA 2-in-1 magnet system provides a rigorous testing ground for magnetic field calculating programs. The magnet was modelled for the GFUN, PE2D, and POISSON programs. The GFUN program, although simpler to use, did not agree with the data as well as the other programs. This may, in part, be due to the limited segmentation available because of computer memory restrictions. PE2D and POISSON did adequately well in describing the magnetic properties of the CBA magnet systems. PE2D and POISSON each have different properties that might be favorable in 
